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Estradiol-Type Activity of Coumestrol in Mature and Immature
Ovariectomized Rat Uterotrophic Assays
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Makaverich et al. [ Environ Health Perspect 103:574-581 (1995)] reported that the uterotrophic
activity of the phytoestrogen coumestrol in the immature ovariectomized rat was atypical in that

it was not associated with increased uterine hyperplasia and DNA content. We previously report-

ed that coumestrol gave a typical estradiol-type uterotrophic response in the immature intact rat,
yielding increases in uterine epithelial cell height, glandular formation, cell labeling, and DNA
content. These papers did not answer the question of whether there is a basic difference between

the ovariectomized and the intact rat uterotrophic assays. In this paper, we report that coumestrol

gives a typical estradiol-type uterotrophic response in uterotrophic assays using immature intact,
immature ovariectomized, and mature ovariectomized rats. We concluded that the uterotrophic

activity of coumestrol is typical of the natural estrogen estradiol. Key words: endocrine disruption,

immature rats, ovariectomized rats, phytoestrogens, sexual development. Environ Health Perspect

108:631-634 (2000). [Online 31 May 2000]
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Makaverich et al. (1) reported that the phy-
toestrogen coumestrol gives an atypical posi-
tive response in the ovariectomized immature
rat uterotrophic assay. Although an increase
in uterine weight was observed, they reported
no accompanying increase in uterine cell
division or DNA content. This led the
authors to suggest that the positive utero-
trophic response for coumestrol was mecha-
nistically distinct from that of estradiol,
which is known to be accompanied by con-
comitant increases in uterine cell division
and DNA content. Subsequently, we report-
ed (2) that the uterotrophic activity of
coumestrol in the immature intact rat was
indistinguishable from that of estradiol ben-
zoate (E,B); both induced uterotrophic
responses that were accompanied by increases
in uterine epithelial cell height, gland forma-
tion, cell division, and DNA content. We did
not repeat the original immature ovariec-
tomized rat uterotrophic assay reported by
Makaveric () due to the scarcity and expense
of coumestrol; thus, it was not clear if this dif-
ference in assay outcome between Makaverich
et al. (/) and our study (2) was absolute, or a
reflection of an intrinsic difference between
the uterotrophic assay in the immature rat
versus the ovariectomized rat. In this paper,
we describe the results of uterotrophic assays
of E,B and coumestrol using immature
intact, immature ovariectomized, and
mature ovariectomized rats. We used the
same dose levels (milligrams per kilogram) of
the two test agents for each of the test proto-
cols in order to compare the relative sensitiv-
ities of the protocols. We used the same dose
level of coumestrol as in our earlier study,
the same dose estimated by Makaverich et al.
(1) to have been used in their original studies
(60 mg/kg/day).

Materials and Methods
Chemicals. Coumestrol, estradiol benzoate
(E,B), and arachis oil were as previously
described (2). We obrained 5-bromo-
deoxyuridine (BrdU), 3,3’-diaminobenzidine,
and orcinol from Sigma Chemical Company
(Poole, Dorset, UK). All antibodies were sup-
plied by DAKO Ltd (High Wycombe, UK).

Animals. Three groups of female
Alpk:AP rats were obtained from the breed-
ing unit at AstraZeneca (Alderley Park,
Macclesfield, Cheshire, UK). As in our pre-
vious uterotrophic assays (3), the first group
of female rats (intact weanlings) was 21-22
days of age and had body weights of 3848
g. The second group of female rats [ovariec-
tomized (OVX) weanlings] was ovariec-
tomized at 21-22 days of age and dosed
between 29 and 30 days of age, as described
by Makaverich et al. (). The final group of
animals (OVX matures) consisted of female
rats that were ovariectomized at 6-8 weeks
of age and dosed at 7-9 weeks of age, as
previously described (3). All animals were
housed and maintained as previously
described (2). Diet and water were available
ad libitum. Intact weanlings were acclima-
tized for 24 hr before being dosed, and all
OVX females were acclimatized for 4 days
before dosing. All animals were dosed over
the same 3-day period. The dose levels of
coumestrol used by Makaverich et al. (1)
varied between experiments and were not
always clearly stated. However, the authors
noted that uterine weight was doubled
when rats were exposed to 100 pg coume-
strol/mL drinking water; they estimated that
this exposure yielded 60 mg coumestrol/kg
body weight/day (7). Therefore, we used the
dose of 60 mg/kg/day coumestrol for the
present experiments.
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Uterotrophic assays. The uterotrophic
activities of coumestrol (60 mg/kg) and E,B
(80 pg/kg) were investigated as described pre-
viously (2). The test agents were dissolved
(E,B) or homogeneously suspended (coume-
strol) in arachis oil and administered by a sin-
gle oral gavage on each of three successive
days using a dosing volume of 5 mL/kg body
weight. Twenty-four hours after the final
dose, animals were killed by an overdose of
Fluothane (AstraZeneca Pharmaceuticals) fol-
lowed by cervical dislocation. At the time of
death, we recorded vaginal opening (weanling
intact and immature OVX females) or took
vaginal smears (mature OVX females). Test
groups, daily dose levels, and animal group
sizes are shown in Table 1. We administered
BrdU in the drinking water (0.8 mg/mL) for
the duration of the experiment beginning 24
hr before the gavage treatments, as described
previously (2).

The reproductive tract was excised and
handled as previously described (2) to yield
the individual weights of the blotted uterus,
the vagina, and the cervix. The uterus was
then cut so the left horn of the uterus,
together with the junction to the cervix,
could be processed for histopathology (2).
The right horn was flash frozen in liquid
nitrogen and stored at -70°C for possible
future use.

Determination of uterine hyperplasia.
The left uterine horn, together with its junc-
tion to the cervix, from each animal was
fixed in 10% formal saline and processed to
paraffin wax. Longitudinal sections were
stained to reveal BrdU as described previous-
ly (2,4). We determined the labeling index
for epithelial cells of the uterine lumen as
well as for the endometrial glands and stro-
ma (500 cells/animal were assessed where
possible) (2).

Determination of uterine hypertrophy.
Uterine sections were stained with hema-
toxylin and eosin. We calculated the mean
endometrial and epithelial cell height
on the basis of 10 locations measured per
animal (2).
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Table 1. Activity of coumestrol (60 mg/kg), E,B (80 pg/kg), and arachis oil (5 mL/kg) in the rodent uterotrophic assay using Statistical assessment ofa'ata. We assessed
immature intact, immature OVX, or mature OVX rats. statistical difference of all uterotrophic'(Table
Tissue weight (mg) 1) and hypertrophy data (Table 2) by analysis
Intact utérus(mg)7 __Blotted uterus Vagina TRy Cervix weight of variance (ANOVA) (5). We anal}’ud the
Group Individual Mean+SD Individual Mean+SD Individual Mean+SD Individual Mean + SD hyperplasia data (Table 3) using ANOVA
et eaiAg after a double arcsine transformation (6).
Arachis oil 44 275 288 8.7 Comparisons were carried out separately for
24.1 1838 375 3 all observations between the control group
213 234 254 58 and all test groups.
234 17.9 214 6.8
2 192 1438 67 Results
385 283+6.7 305 229+52 27.6 309+86 5.2 6.0+19

Uterotrophic assays. The results of the

Coumestrol 109.6 90.5 79 258 hi f d . h
e Wd e 2158 uterotrophic assays performed using the
791 . 706 * 495 * 218 *n three test protocols are shown in Table 1.
793 708 415 206 The data generated for coumestrol and E,B
1125 943 61.3 26 in the intact weanlings confirmed previously
87.8 103.3+£27.8 75.2 87.9+21.2 52.6 58.6+13.5 20.7 228+ 25 publlshed observations (2) Both compounds
;B 1611 101.9 806 g induced comparable and significant increases
i e 1 o in blotted uterine weight, vaginal weight,
88.1 e 743 “ 30.1 e 239 i . . )
and cervical weight (Figure 1).
68.1 716 58.7 38.7 . .
2 57 598 181 The OVX weanling females also had sig-
822  976+351 745 78.9+163 405 552+17.7 17.2 245480 nificantly increased uterine, vaginal, and
Weanling OVX cervical weights after exposure to both com-
Arachis oil 207 15.3 46.7 8.9 pounds. Coumestrol and E,B induced simi-
17.1 125 343 6.1 lar responses and the magnitude of these
o i ‘;S; g-g responses was comparable to those observed
;ég 193;]2 i o in the intact weanling females (Figure 1).
by 1 295 iy Coumestrol induced significant increases
189 19125 118 121:19 45 421:90 83 60:21 in tissue weights in the OVX mature females.
Gotmestfol 837 712 483 19.1 However, the magnitude of these responses
80.7 67.8 85 234 was lower than those observed in the two
73.1 a 63.5 L 59.7 % 306 3 weanling groups. Specifically, the average
1198 9%.9 68 286 fold increase in uterine and cervical weights
v it it s for the weanling intact and weanling OVX
75.2 65.6 83 15.1
e i i ol females was -3- to 4-fold, whereas those for
843 818+170 719  695:124 771 705:148 268 226:72 the mature OVX females was only ~1.6-fold.
EB 836 16 69.1 17 Only the fold increase in vaginal weight was
50.7 40.7 56.5 99 similar across the three groups of females
437 o 3356 i 53.3 e 89 52 (~1.8-fold; Figure 1). E,B did not signifi-
679 615179 571 508+17.0 89.3 67.1+16.3 283 160489 cantly increase the uterine or cervical
Mature OVX weights in the mature OVX uterotrophic
Avrachis oil 106.6 91.6 81.8 249 . .
assay, but we observed a small increase in
111.6 95.6 103.9 e h inal icht (Table 1. Fi ). Thi
o 43 e 8 the vaginal weight (Ta le 1, Figure ). This
1209 1008 156.9 305 is consistent with earlier observations (3)
86 66.2 106.1 216 and was due to the use of a lower E,B dose
101.1 834 1306 249 than is optimum for this chemical in oral
101.6 89.1 1144 415 uterotrophic assays (enforced by our deci-
732 987+154 627  833+137 926  1091£249 202 293477 sion to use standardized dose levels across
Coumestrol 181.4 158 176.9 48.8 the three test protocols).
1447 1263 137.3 366 M . o T
Cib & o o s e 4 < ~ Measuremen of hyper qp/)y. ‘reatment
163.3 1158 2072 455 with coumestrol led to a highly significant
207.4 1788 1285 571 increase in the height of the uterine epithe-
148.4 11422 1483 455 lium in all three groups of females (Table 2;
1212 106.2 1227 466 Figure 2A). The effect was most prominent
1681  160.1+263 1429  137.4+239 197 161.1+317 686  47.8+11.1 in 21-22-day-old intact weanlings and least
B8 ]907175 ?Sg ]13%57 gg; prominent in mature OVX animals, as
b e e B observed with the tissue weight data. A
1185 9 90 . highly signiﬁcsmt increase in the .hci.ght of
934 721 1438 254 the endometrium was observed in imma-
909 776 131.1 20 ture OVX and intact immature animals
98.8 83.1 116 24.2 (OVX > intact) (Figure 2B). However,
84.1 997 £11.3 704 82.7+10.4 114.2 1254 £18.9 18.7 246+38 there was no effec[ in [he mature OVX
Data were assessed for statistical significance by ANOVA. females, which is consistent with the lack of
**p < 0.01 as compared to controls. tissue weight gain.
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Table 2. Effect of coumestrol (60 mg/kg), E,B (80 pg/kg), and arachis oil (5 mL/kg) on the height (mean +
SD) of the uterine epithelium and endometrium.

No. of Epithelium height Endometrium height
Group Compound females (pm) (pm)
Immature intact Arachis oil 6 110+14 193.6+39.6
Coumestrol 6 410+76" 305.8 +40.5**
EB 6 34.7+6.2%* 2351398
Immature OVX Arachis oil 7 95+1.2(6) 123.2+24.1(6)
Coumestrol 8 265+50% 2995+ 498**
E,B 4 147 £2.8** (3) 2454 + 43.9**
Mature OVX Arachis oil 8 96+12 27511979
Coumestrol 8 20.1 £5.0**(7) 365.7 + 85.1* (7)
EB 8 136+36* 282.7+51.0

Numbers in parentheses indicate the number of observations upon which the group mean is based. Data were assessed
for statistical significance by ANOVA.
*p<0.05 **p<0.01.

Table 3. Effect of coumestrol (60 mg/kg), E,B (80 pg/kg), and arachis oil (5 mL/kg) on the labeling index of
the uterine epithelium and endothelium.

Labeling Index (%) + SD

No. of Endometrium
Group Compound females Epithelium Glands Stroma
Intact weanling Arachis oil 6 08+06 39+39 33+28
Coumestrol 6 36.1£7.7% 61.4+185** 31.2+£289
E,B 6 97+121 52.8+21.9** 280+£31.3
Weanling OVX Arachis oil 7 09+05(6) 0907 07402
Coumestrol 8 706+17.1** 916+96" 646+17.2**
EB 4 38.3+13.7**(3) 55.6 £14.2** 27.7 £14.4**
Mature OVX Arachis oil 8 11+08 30+£14 0.4+0.1
Coumestrol 8 36.1£18.2**(7) 704 £9.4** 3302
E,B 8 16+08 50+3.0 0302

Numbers in parentheses indicate the group size upon which observations were made. Data were assessed for statistical
significance by ANOVA following double arcsine transformation.
*p <0.05; **p < 0.01 as compared to controls.

= Blotted uterus
mm Vagina
= Cervix

%

)
1=}
S

@
=}

Tissue weight (mg)

o

coum
Immature intact

COUM
Immature OVX

EB A0 coum

Mature OVX

EB

Figure 1. Activity of coumestrol (COUM; 60 mg/kg), E,B (80 pg/kg), and arachis oil (AQ; 5 mL/kg) in the rat
uterothrophic assay. Data taken from Table 1 are shown as group mean + SD and were assessed for sig-
nificance by ANOVA. The numbers above columns indicate the number of animals per group.

**p>0.01.
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After treatment with E,B, as with coume-
strol, significant increases in the height of the
uterine epithelium were observed in all
treated females, with the most significant
effect in intact weanlings (Figure 2A). The
responses observed in both groups of OVX
females were similar.

Determination of uterine hyperplasia.
Coumestrol exposure led to a significant
increase in the labeling index of the uterine
epithelium and the glands and stroma of the
endometrium in all three groups of females
(Table 3, Figure 3). In all three sets of
females, we observed the highest frequency of
S-phase cells in the glands and the lowest fre-
quency in the stroma. The effect of coume-
strol on the labeling index of the uterus was
most prominent in immature OVX animals
(Figure 3).

After treatment with E, B, there was a sig-
nificant increase in the labeling index of the
uterine epithelium in immature OVX ani-
mals only (Table 3). We observed increases
in the labeling indices in the glands and stro-
ma of the endometrium of the immature
OVX animals and in the glands of the
21-22-day-old weanlings. E,B induced a
marginal, though significant (p < 0.05),
increase in the total number of labeled uter-
ine cells (Figure 3). As with coumestrol, the
frequency of S-phase cells was highest in the
glands and lowest in the stroma in all three
groups of femnales.

Discussion

The present data supplement those described
earlier (2) and confirm that coumestrol gives
a classical estradiol-type uterotrophic
response in the three protocols used here for
the rat uterotrophic assay (Table 4). As
noted earlier (2), the claim of Markaverich et
al. (I) that coumestrol was an atypical
uterotrophic agent in the immature ovariec-
tomized rat was based on limited data; the
present observations seem to override those
earlier data. It is critical to know, for purpos-
es of human hazard estimation, if phytoe-
strogens such as coumestrol act differently in
the uterotrophic assay than do natural or

AO

A0 coum E,B

Immature OVX

COUM
Mature OVX

EB

2

Figure 2. Effect of coumestrol (COUM; 60 mg/kg), E,B (80 ug/kg), and arachis oil (AQ; 5 mL/kg) on the height (in micrometers) of (A) the uterine epithelium and (B}
the endometrium. Data were assessed for statistical significance by ANOVA. The number above each bar indicates the number of females in each group from

which measurements could be made.
*p>0.05; **p<0.01.
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Figure 3. Effect of coumestrol (COUM; 60 mg/kg), E,B (80 pg/kg), and arachis oil (AQ; 5 mL/kg) on the label-
ing index of the uterus (epithelium and endometrium combined). Data were assessed for statistical signifi-
cance by ANQVA following a double arcsine transformation.

*p>0.05; **p >0.01.

Table 4. Qualitative outcome for each parameter measured after exposure to coumestrol (60 mg/kg) or
E,B (80 pg/kg).

Immature intact Immature OVX Mature OVX

End point Coumestrol E,B Coumestrol  EB Coumestrol  E,B
Blotted uterine weight i - o s *x —
Vaginal weight ** ** *x " “x _
Cervical weight ** *x *x " . _
Epithelium height *x ** " *e *x *
Endometrium height x> - ** o * _
Uterine labeling index? * * - o *x _

-, Not significant. Data were assessed for statistical significance by ANOVA (following double arcsine transformation in
the case of the labeling index).
2Combined epithelium and endometrium. *p < 0.05; **p < 0.01.

synthetic estrogens. The present data do not
support that claim.

The uterotrophic activity of a fixed dose
level of coumestrol was similar across the
three test protocols, whereas that of a fixed
dose level of E,B was much reduced in
mature animals. This may reflect accelerated
metabolic clearance of E,B by the mature
animals (but apparently not of coumestrol)
due to their more well developed hepatic
metabolic competence.
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